, and Np) were found discriminant and fixed for new alleles. The taxon licrmonis could represent a separate species, but such hypothesis should be confirmed by further studies. Our results were also compared and combined, on the basis of 17 shared loci, with those obtained by Graf (1982) in populations from South Western Europe. Our data support Grafs hypothesis, according to which Western Alps were colonized by populations from South Western Europe, characterized by the allele SO at the locus Got-1, whereas Central Alps were colonized by eastern immigrants carrying the allele 100 for the locus Got-1.
Introduction
The distribution of the Euro-Turanic spccics Chionomys nivalis (Martins, 1842) during the Wurmian glaciation was widespread (Terzca 1972) . At the end of that period the range of the snow vole was fragmented in small isolated populations (Farina and Cenni 1985) , mainly linked to the mountain regions, between 1000 and 4700 m above the sea level. However, populations from Southern Europe (Spain, Southern France, Italy, Yugoslavia, Greece and Bulgaria) arc also present at lower altitude (100 -600 m above the sea level; Krapp 1982) . The snow vole is adapted to cavcrnicolous conditions inhabiting fissures typical of stony habitats. According to KryStufek and Kovaiic (1989) , the preference of the snow vole for high mountain habitats in the Alps, Carpathians and Tatras is due to the lack of suitable cavcrnicolous conditions at lower altitude, especially below 1000 m. Being mainly limited to the [47] treeless mountain tops, the snow vole has a discontinuous distribution and it is considered as a glacial relict (Lanza and Azzaroli 1970) . Such fragmentation led to the description of several subspecies (Spitzenberger 1971 , Corbet 1978 , Kratochvil 1981 , Krapp 1982 ; however, their status is not fully clarified.
The purpose of this study is to carry out a preliminar evaluation of allozyme variation and differentiation existing within and among European and Middle Eastern populations of Cliionomys nivalis. A previous survey on genetic variation and differentiation among 24 species (8 genera) of the family Aivicolidae was carried out by Graf (1982) and based on 19-25 gene loci. Several populations of Chionomys nivalis from Spain, Switzerland, France and Central Italy were analyzed for 22 gene loci by this author. On the basis of the geographic distribution of the alleles scored at the locus Got-1, a double origin for the Alpine populations of the snow vole was hypothesized. According to Graf, at the end of Wiirm, the Western Alps were colonized by populations from south western refuges, whereas Central Alps populations originated from autochthonous populations or from eastern immigrants.
In the present paper, data arc given on allozyme variation at 34 loci in several populations of the snow vole from Northern Italy (Ch. n. nivalis, Ch. n. leucurus), Yugoslavia (Ch. n. nialyi), and Israel (Ch. n. hermonis). Our results arc also compared and combined, on the basis of 17 shared loci, with those obtained by Graf (1982) for populations from South Western Europe (Ch. n. nivalis, Ch. n. leucurus, Ch. n. lebrunii, Ch. n. aquitanius) to verify his hypothesis concerning the origin of Alpine populations.
Material and methods
Elcctrophorctic analysis was carried out on 57 spccimcns representing 8 populations of Chionomys nivalis from Northern Italy, Yugoslavia and Israel. The number of spccimcns examined for each population, their collecting sites, taxonomic affiliation, and sample designations are given in Table 1 ; the distribution of sample localities is shown in Fig. 1 . The animals, collected in 1985 The animals, collected in -1990 are deposited as standard museum preparations (skins and skulls) in the Slovene Museum of Natural History of Ljubljana and in the Museo Civico di Storia Naturale of Milano. Tissues of each specimen were preserved in the laboratory at -80°C until processed. Ilomogenates for electrophoresis were obtained from portions of muscle tissue crushed in distilled water.
Allelic variation at structural genes encoding for enzymatic proteins was assessed using standard horizontal starch-gel electrophoresis. All gels were prepared using an 11% suspension of Connaught hydrolyzed starch.
Ilomogenates obtained from muscle were processed for the following enzymatic proteins: a-Glycerophosphate dehydrogenase (E.C. 1.1.1.8; a-Gpdh), Sorbitol dehydrogenase (E.C. 1.1.1.14; Sdh), Lactate dehydrogenase (E.C. 1.1.1.27; Ldh-1 and Ldh-2), Malate dehydrogenase (E.C. 1.1.1.37; Mdh-1 and Mdh-2), Malic enzyme (E.C. 1.1.1.40; Me-1 and Me-2), Isocitrate dehydrogenase (E.C. 1.1.1.42; ldh-1 and ldh-2), 6-Phosphogluconate dehydrogenase (E.C. 1.1.1.44; 6-Pgdli), Glucose-6-phosphate dehydrogenase (E.C. 1.1.1.49; G6pdh), Glyceraldchyde-3-phosphatc dehydrogenase (E.C. 1.2.1.12; G3pdh), Indophenol oxidase (E.C. 1.15.1.1; Ipo), Nucleoside phosphorilase (E.C. 2.4.2.1; Np), Glutamate-oxalacetate transaminase (E.C. 2.6.2.1; Got-1 and Gol-2), Ilexokinase (E.C. 2.7.1.1; IIk-1 and IIk-2), Creatine kinase (E.C. 2.7.3.2; Ck), Adenylate kinase (E.C. 2.7.4.3; Adk), Phosphoglucomutase (E.C. 2.5.7.1; Pgm-1 and Pgm-2), Esterases (E.C. 3.1.1.1; Est-1 and Est-3), Aminopeptidase (E.C. 3.4.11 \Ap-l and Ap-2), Leucyl aminopeptidase (E.C. 3.4.11; Lap), Acid phosphatase (E.C. 3.1.3.2; Acph), Adenosine deaminase (E.C. 3.5.4.4; Ada), Aldolase (E.C. 4.1.2.13; Aldo), Fumarase (E.C. 4.2.1.2; Fnm), Mannose phosphate isomerase (E.C. 5.3.1.8; Mpi), Glucose phosphate isomerase (E.C. 5.3.1.9; Gpi). The procedures were those described by Filippucci et al. (1988) . Isozymes were numbered in order of decreasing mobility from the most anodal one. Allozymes were designated numerically according to their mobility, relative to the most common allele (=100) (< 100 = slower mobility; > 100 = faster mobility) in the reference population AOS from Italy.
Allozymic data were analyzed as genotype frequencies with the BIOSYS-1 program of Swofford and Selander (1981) . Intrapopulational genetic variation was estimated by the following indices: (1) mean heterozygosity per locus (observed. Ho, and expected, He; Nei 1978); (2) proportion of polymorphic loci in the population (Pl% -a locus is considered polymorphic if the frequency of the common allele does not exceed 0.99; P5% -if the frequency does not exceed 0.95); (3) mean number of alleles per locus (A). F -statistics (Wright 1978) were used to describe genetic differentiation among individuals within populations (individual inbreeding coefficient, Fis), among individuals within the species (overall individual inbreeding coefficient, Fn), and between population samples (fixation indices, FST). A hierarchical analysis for comparisons of populations within and among subspecies was also performed (Wright 1978) . In the hierarchical analysis, fixation indices were computed to estimate differentiation among subspecies and among populations within each subspecies.
The amount of genetic divergence between populations was estimated with the indices of genetic identity (/) and distance (D) proposed by Nei (1978) . The high number of loci analyzed compensated for the small sample size of some populations. Values of heterozygosity and genetic distances are therefore reliable with a reasonable margin of precision (Nei 1978 , Gorman and Renzi 1979 , Sage et al. 1986 . A dendrogram of the genetic relationships among populations was obtained using the unweighted pair group cluster analysis UPGMA (Sokal and Sneath 1963) .
Results

Pattern of variation
Fourteen of the thirty-four loci analyzed were monomorphic and fixed for the same allele in all the populations studied: Ldh-1, G6pdh, Ipo, Ck, Adk, Lap, and Fum. The allele frequencies of the polymorphic and/or discriminant loci in the populations analyzed are given in Table 2 .
In the Italian populations eighteen loci were found polymorphic: a -Gpdh, 6Pgdh, G3pdh, Np, Acph, Ada, Aldo,  and Mpi. Eighteen loci were also found polymorphic in the Yugoslavian populations: a-Gpdh, Sdh, 6Pgdh, G3pdh, Np, Acph, Aldo, Mpi, and Gpi. The specimens collected on the top of Mt. Hcrmon were polymorphic for six loci: Got-1, Pgm-1, Pgm-2, Est-1, Ap-2, and Acph.
Gcnctic variation
Levels of genetic variation within populations are shown in Table 3 . The overall mean heterozygosity (lie) for all the populations sampled was 0.08 and ranged from 0.01 (MAR) to 0.16 (AOS). According to Gorman and Rcnzi (1979) , in populations with small sample size (1-2 specimens, as in MAR, MAS, SAT, and GAL) the heterozygosity could change by less than 2.5% as compared with a larger sample size. The overall mean proportion of polymorphic loci (Pl%) for all the populations was 0.23 and ranged from 0.03 (MAR) to 0.53 (AOS). The overall mean number of alleles per locus (A) was 1.26, ranging from 1.03 (MAR) to 1.62 (AOS). The observed values of genetic variation arc within the range generally reported for other rodents (Nevo et al. 1990 ). However, these values arc higher than those observed in populations of Ch. nivalis from Central and Western Europe by Graf (1982) . The mean value of heterozygosity observed by this author in 9 populations for 22 loci was II = 0.027, ranging from 0 to 0.044, whereas the mean value for six species of Microtinae was II = 0.043. The lower values found by Graf (1982) could be attributed to the fact that enzymes as ME, NP, EST. and AP, codified by highly polymorphic loci, were not included in his analysis. Estimates of ^-statistics for the twenty leading loci are given in Table 4 . The mean value observed for the individual inbreeding coeefficicnt was F\s = -0.099, indicating a slight excess of heterozygosity within the populations. The mean value of the overall individual coefficient was Fit = 0.464, indicating a deficiency of heterozygotes within the species. The mean value of the fixation index was FST = 0.512, indicating that 51% of genetic variation in the snow vole is due to differentiation existing among populations. The high mean value of the fixation index is indicating extensive genetic differentiation among the populations within the species. Hierarchical analysis ( Table 5 ) pointed out that 16% of the differentiation is due to divergence among subspecies (0.161).
Differentiation among populations within subspecies was higher (0.361).
Gcnctic differentiation
The specimens from Mt. Hermon can be differentiated from the European populations of Ch. nivalis by four loci that displayed fixation of alternative alleles (Me-1, Me-2, 6Pgdh, and Np). The locus Est-1 partially discriminates Israeli and Yugoslavian populations from the Italians. Moreover, Yugoslavian populations (excluding GAL) displayed a high frequency of the allele 105 for the locus Acph, that rarely appears in the Alps and Israel. The population from Ligurian Alps displayed fixation of the allele 80 at the locus Got-1, that is rare in Valle d'Aosta or absent in Val Masino, Yugoslavia, and Israel.
Genetic distance
From the allele frequencies at the 34 loci tested, values of Nei's (1978) unbiased genetic identity (/) and distance (D) were calculated among populations for all pairwise comparisons (Table 6 ). An UPGMA dendrogram summarizing the genetic relationships found among the populations studied is given in Fig. 2 
malyi).
Our results were also combined and compared with those obtained by Graf (1982) . A tentative comparison was based on 17 shared loci, for which it was possible to assume homology between the alleles found by Graf and by us, and that codify for the following enzymes: a-GPDH, SDH, LDH, MDH, IDH, 6PGDH, IPO, GOT, CK, ADK, PGM, LAP, and PGI. From the allele frequencies at the 17 shared loci, Nei's values of genetic identity and distance were calculated (Table 7 ). An UPGMA dendrogram summarising the genetic relationships found among the populations is given in Fig. 3 Although three discriminant loci (Me-1, Me-2, and Np) were not included in the analysis based on 17 loci, the Israeli population from Mt. Hcrmon still showed high values of genetic distance in comparison with those from Europe (D = 0.094, ranging from 0.06 to 0.18). Graf (1982) .
Discussion
The discontinuities of distribution in Ch. nivalis and the consequent reduction or abscnce of gene flow among different isolates led to several geographical differences in allele frequencies, as shown in the European populations by the following loci: a-Gpdh, Sdh, Np, Acph, Ada, Mpi, and Gpi. Moreover, the Israeli population displayed four discriminant loci 6Pgdh, and Np) . Geographical differences in allelic frequencies at several loci were also found by Graf (1982) (Table 8) .
Extensive genetic differentiation among populations and subspecies within Ch. nivalis was also revealed by the high values observed at the fixation indices for the polymorphic loci (FST = 0.512). The hierarchical analysis indicated only a 16% of the genetic variability was partitioned between subspecies, and differentiation was higher within subspecies (36%). Estimates of the number of migrants exchanged between our population samples (Nm), calculated from FST = l/(4Nm+l) (Wright 1943) , also suggest a reduced gene flow: Nm = 0.238, corresponding about to one migrant every four generations (Hartl 1988 ).
Distinct differences among populations of Ch. nivalis were also found by Nadachowski (1990) in tooth size and morphology. Such differences were related to the discontinuous geographical distribution of the snow vole and to different patterns of competitions in local communities.
The populations of Ch. nivalis are relatively abundant in Central Alps, where they are found above 1500 m, and the possibility of gene flow is provided by the high genetic homogeneity found between them. On the other hand, populations from South Western Europe are isolated (Graf 1982 Graf (1982) , at the end of Wiirm, Western Alps were colonized by populations from South Western European refuges, characterized by the allele 80 at the locus Got-1. The Central Alps populations instead originated from autochthonous populations or from eastern immigrants carrying the allele 100 for the locus Got-1. The hypothesis of Graf about eastern immigrants colonizing the Alps is supported by our data (Fig. 4) , being the allele 100 of Got-1 present with a high frequency, together with the allele 105, in the populations from Val Masino, Yugoslavia and Israel, and absent in Ligurian Alps. The contact area between the two groups of populations is represented by Vaud Pre-Alps, Savoy Alps, and Valle d'Aosta, where both the alleles 80 and 100 of Got-1 are present.
Besides, the populations from South Western Europe displayed karyological differences when compared with those from Central Europe. According to Zima and Krai (1984) , who reviewed the literature on cytogenetic studies of Ch. nivalis, the karyotype of the snow vole has been described from most of the mountain systems of Europe and it is characterized by a diploid chromosome number 2n = 54 (NFa = 52); all the 26 pairs of autosomes arc acrocentric. One of the smallest pair of autosomes was instead found submetacentric (FNa = 54) by Meylan and Graf (1973) in Swiss Alps, France, and Sierra Nevada and by Jacenko (1982) in North West Caucasus.
The Yugoslavian populations, derived from four mountains of the Dinaric Alps and assigned to the taxon malyi by Djulic and Miric (1967) , displayed relatively great differences in morphological characters (KryStufck 1990 ) and in allelic frequencies at several loci. The mean value of genetic distance observed among Yugoslavian populations was D = 0.062, ranging from 0.033 to 0.110. This value is relatively high and corresponds to that observed by Graf (1982) among subspecies in four species of Arvicolidae (D = 0.064; sec Table 8 ). According to KryStufek (1990) the subspecies category is inadequate to describe the complex geographic variations found in the snow vole populations from Yugoslavia, and Dinaric populations cannot be classified as a single subspecies because of relatively great differences among them. The analysis of colour, enamel tooth pattern, external features, and skull dimensions showed that not even two geographic samples are identical.
The Israeli population from Mt. Hcrmon showed the highest values of genetic distance when compared with European populations in both analyses: D = 0.09, ranging from 0.06 to 0.18, based on 17 loci; D = 0.16, ranging from 0.13 to 0.21, based on 34 loci. The southern border of the distribution of Ch. nivalis is located on Mt. Hcrmon higher elevations (Tchernov and Yom-Tov 1988) . The Hermon mountaintop population was described as a separate subspecies: Ch. n. hermonis Miller, 1908 . This subspecies was also reported for Lebanon and Antilebanon mountains (Lewis et al. 1967 , Spitzenberger 1971 , Felten et al. 1973 . Genetically, however, it showed low affinity with European populations of this species, having four loci fixed for new alleles never found in 6Pgdh, Np) . The mean value of genetic distance observed in the comparison between European and Israeli populations (D = 0.16, ranging from 0.129 to 0.215) is within the range generally observed among species of the same genus in mammals (Avise and Aquadro 1982) and, mainly, within the range observed among species of Arvicolidae (D = 0.276, ranging from 0.03 to 0.64; Graf 1982) . Moreover, according to Thorpe (1982) and Nei (1987) , if allopatric populations of dubious status have genetic identities below 0.85 and genetic distances higher than 0.16, it is improbable that they arc conspecific. Indeed, Mt. Hermon is at the southern continuation of the Antilebanon mountains, from which it is separated by a deep valley. The fauna and flora of this mountain (2814 m. a.s.l.) is a complex mixture of various zoogcographical elements, sorted along an altitudinal cline. Due to its position and high altitude, Mt. Hermon biogeographically represents an important southern outpost for many holoarctic species of plants and animals and a higher rate of spcciation could be expected in its alpine tragacanthic belt. Numerous endemic species of plants and animals were described in this belt of Mt. Hcrmon and, more generally, in the Lebanon mountains (Shmida 1977 , Werner and Avital 1980 , Filippucci et al. 1989 .
Therefore, the taxon hermonis could represent a separate species, but such hypothesis should be confirmed by further studies (such as biomctric, karyotypic, and allozymic analyses) in which European taxa would be compared with those from Asia Minor and Middle East.
